Abstract Rice blast caused by the fungus Magnaporthe grisea is the most devastating rice disease and is severe in upland/dry land culture conditions. Fifty upland rice genotypes, including one resistant check, Pongsu Seribu-1 (PS-1), and one susceptible check, MR219, were evaluated to find out new sources of resistance and assess their diversity based on the reactions against M. grisea. The blast lesion type (BLT) and the percentage of diseased leaf area (% DLA) were assessed following the standard evaluation system introduced by the International Rice Research Institute 7 days after inoculation. Diversity of the 50 rice genotypes was also analysed based on BLT and % DLA. Resistant reactions were observed with the genotypes Biaw Bood Pae, Blau Noc, Chirikata 2, IPPA, IR 5533-50-1-10, IR 5533-55-1-11, Ja Hau, Ja No Naq, BR26, BRRI Dhan42, and BRRI Dhan43. The 50 genotypes were grouped into five clusters. Although the cluster analysis grouped the genotypes with greater similarity of their reactions, but it did not seem necessarily that all the clusters were formed according to the same reactions or origin. The higher range of inter-cluster distance indicated wider diversity among the populations. This information is useful for selecting suitable genotypes for hybridisation programmes for the development of blast-resistant varieties. The identified resistant genotypes could be used as new sources of resistance to develop durable blast-resistant high-yielding upland rice varieties for challenging environments under water scarcity conditions, in addition to studying the mechanism of resistance in future breeding programmes.
Introduction
Rice blast caused by the pathogen Magnaporthe grisea (Hebert) Barr (Pyricularia grisea Sacc. = Pyricularia oryzae Cav.) is one of the most destructive and widespread diseases (Ou 1985; Jia et al. 2000) of rice, found almost in 85 countries in the world (The Commonwealth Mycological Institute) . It is the most serious disease found in the extensive upland rice areas of Latin America, Africa, and Southeast Asia (IRRI 1975) , infecting more than 50 hosts (Meena 2005) . The disease cycle of rice blast involves three distinct phases: infection (germination of conidia), colonisation of mycelium, and sporulation (Zeigler et al. 1994 ). The fungus is adaptable to adverse environmental conditions of widely-fluctuating temperatures and relative humidity (Meena 2005) . It has caused significant yield losses in many rice growing countries, including a 10.1-41.4 % loss in Ethiopia (Getachew et al. 2013 ), a 60 % loss in Kemubu Agricultural and Development Authority (KADA), Malaysia (Ashkani 2011) , 40 % losses in Nigeria (Ou 1985) , and an average of 35-50 % losses throughout the world (Padmavathi et al. 2005) . In general, the disease causes 10-20 % yield reduction in susceptible varieties, but in severe cases, the loss may be up to 80 % (Koutroubas et al. 2009 ). This usually occurs when the pathogen (virulent) found the environmental conditions favourable, that is, relatively high humidity (up to 85 % and above), low night temperatures, high or excessive nitrogen (N) fertiliser application, the presence of dew and drought stress, and cases where the host is susceptible (Idowu et al. 2013) .
Due to the extreme sensitivity of rice cultivars to blast disease, farmers are forced to apply frequent and uncontrolled fungicides when there are cases of the disease (Mousanejad et al. 2010) , which can lead to environmental pollution (Pasha et al. 2013) . However, the use of resistant cultivars is the most economical and environmentally friendly method for the management of rice blast (Khan et al. 2001; Haq et al. 2002) . It is therefore pertinent to differentiate the upland rice genotypes according to their reactions to the blast pathogen to develop blast-resistant varieties, study their genetics, and identify the nature of resistance and other aspects of research on this dangerous widespread disease. Therefore, information on the efficiency of the screening is fundamental to the development of strategies for increasing durability of resistance to rice blast (Idowu et al. 2013) .
Although extensive studies have been undertaken to evaluate rice germplasms against blast fungus, however, there is little information, particularly on upland rice. The present study was performed to elucidate the performance of upland rice genotypes against the most virulent race P7.2 of M. grisea under tropical conditions and also to assess diversity according to their reactions.
Materials and methods

Plant materials and race of M. grisea
The test materials consisted of 50 upland rice genotypes, including resistant check Pongsu Seribu-1 (PS-1) and susceptible check MR219, which were originated from 11 different countries. The genotypes were used to evaluate for reactions against M. grisea. The PS-1 is a Malaysian local variety that is resistant to blast, while MR219 is a high yield potential variety in Malaysia that is susceptible to blast (Miah et al. 2015) . The most virulent race of M. grisea in Malaysia, P7.2 (Ashkani et al. 2014) , was obtained from the Malaysian Agricultural Research and Development Institute (MARDI), Seberang, Perai for use in the present study.
Experimental site and design
The field experiment was conducted at the net house of the Universiti Putra Malaysia (UPM) experimental field-2 (3°00′ 21.34″ N, 101°42′ 15.06″ E 37 m elevation). In the field, the experiments were set up using a randomised complete block design (RCBD) with three replications. The experiment was repeated to confirm the efficiency of the screening. The treatments, replications, experimental design, and growth conditions were similar for both trials, with only a slight difference between seedling densities. In the first trial, ten seeds were sown in one row for each genotype, while in second trial, only five seeds were sown. The fungus for inoculum production was cultured in the Plant Pathology Laboratory, Institute of Tropical Agriculture, Universiti Putra Malaysia.
Seedling preparation
Fifty seeds of each genotype were treated with 2 % Clorox (5.25 % solution of sodium hypochlorite) for 10 min before being placed for germination. After germination, the sprouted seeds were sown in rows in plastic trays (28×21×6 cm) containing 3 kg of well-pulverised soil. Each tray received five genotypes in separate five rows. For sowing 50 genotypes, 10 trays were used for each replication per trial. The plants were allowed to grow in the greenhouse for 3 weeks until the three to five leaf stage. Five days before inoculation, urea was applied at a rate of 10 mg per tray (about 240 kg N/ha) to stimulate vigorous plant growth and make seedlings susceptible to the blast fungus.
Inoculum preparation
Potato dextrose agar (PDA) was used to multiply the fungus for inoculum preparation. One block of pure stock culture was transferred centrally into Petri plates and the plates were incubated in the growth chamber at 28±2°C. At 21 days, the conidia were harvested and the concentration of conidia was finally adjusted to 2×10 5 spores/mL for inoculation. The concentration of conidia was counted using a haemocytometer. To increase the adhesion of the spores to the rice leaves, 0.05 % Tween 20 was added to the spore suspension before inoculation. The fungus inoculums used were prepared as described by Chen (2001) .
Inoculation
Twenty-one day old seedlings were inoculated with the spore suspension of M. grisea race P7.2 using a hand sprayer. About 50 mL of spore suspension was used for each tray (for 50 plants) until the plants were runoff. After inoculation, all of the trays were covered with a white plastic sheet for 36 h to maintain high humidity and high moisture.
Disease assessment
The disease assessment was performed 7 days after inoculation in all genotypes across both trials. Two components of partial resistance, blast lesion type (BLT) and percentage of diseased leaf area (% DLA), based on a standard evaluation system (SES) introduced by the International Rice Research Institute (IRRI 1996) , were considered for disease scoring. Scoring of the BLT ranged between 0 and 9 (0=highly resistant, 1 & 2=resistant, 3 & 4=moderately resistant, 5 & 6= moderately susceptible, 7 & 8=susceptible and 9=highly susceptible) (SES 2014) (Fig. 1) . The % DLA was recorded from 0 to 100 % based on Correa-Victoria and Zeigler's (1993) methods. In the case of % DLA, 0 % was considered highly resistant, 0.5-<5 % resistant, 5-<11 % moderately resistant, 11-<25 % moderately susceptible, 25-<55 % susceptible, and 55-100 % highly susceptible (Ou 1985) .
In the first observation, five seedlings were selected randomly for data collection from ten seedlings for each genotype from each replication. However, in the second trial, all the five seedlings were considered for data collection. The scores of the five plants were averaged and then mean values were used for the statistical analysis for both trials.
Statistical analyses
Data from both trials were subjected to an analysis of variance (ANOVA) to determine the significance of treatments/genotypes and experimental repeats by the Statistical Analysis System (SAS version 9.2). The experimental repeats were analysed separately with treatments/genotypes and replications/blocks as the explanatory factors, and the combination with genotypes, trials/ methods, genotypes × methods interaction and replications/ blocks within methods were as the explanatory factors. The least significant difference (LSD) was performed for the mean comparison when varietal differences were found to be significant. A diversity analysis was conducted using NTSYS-PC software (version 2.1). The unweighted pair group method with arithmetic mean (UPGMA) algorithm and SAHN clustering were applied for calculating genetic relationships.
Results
The BLT All of the tested upland rice genotypes showed highly significant (P>0.001) differences for BLT (Table 1) . Since the statistical analysis showed no significant differences for experimental repeats, the data from both experiments were a) b) c) Fig. 1 a) Inoculated genotypes showing the disease rating scale (BLT) from 1 to 9, b) Susceptible reaction, c) Highly susceptible lesion with white mycelium 
The % DLA
The % DLA was found to show a wider variation and highly significant differences among all tested upland rice genotypes (P<0.001) ( Table 1) . Since the statistical analysis showed no significant differences for experimental repeats, data on % DLA were combined and analysed together. The highest % DLA was recorded for the genotype Choke Tang (31.11 %), followed by 258 (28.50 %), Padi Kalopak (27.00 %), Daeng Se Leuad (26.50 %) and Padi Beleong (25.33 %), all belonging to the group exhibiting susceptible reactions (Fig. 2) . The genotypes, namely Blau Noc, Chirikata 2, Ja No Naq, IPPA and IR 5533-15-1-1, with scores of 3.25, 5.30, 5.42, 5.50, and 5.84 %, respectively recorded the lowest % DLA. Nineteen genotypes were identified as moderately resistant, with % DLA ranging from 5.30 to 9.93 (Fig. 2) .
Diversity among 50 upland rice genotypes
Five major groups were observed among 50 upland rice genotypes based on a multivariate analysis on the combined results of two trials (Fig. 3 ) at a 94 % similarity level using a simple matching coefficient value. The maximum numbers of genotypes (34) were included in the cluster III, which consisted of 68 % of total genotypes (Table 3) . Cluster III composed of the genotypes with miscellaneous reactions such G1  G3  G5  G7  G9  G11  G13  G15  G17  G19  G21  G23  G25  G27  G29  G31  G33  G35  G37  G39  G41  G43  G45  G47 Fig. 3 The dendrogram of 50 upland rice (Oryza sativa) genotypes derived from BLT and % DLA using the unpaired group method of arithmetic mean (UPGMA) and dissimilarity coefficient as resistant, moderately resistant, moderately susceptible, and susceptible based on BLT and % DLA. Cluster II comprised eight genotypes. Most of the genotypes in this group belonged to moderately resistant reactions. Whereas, the members (5) of the group of cluster IV were mostly moderately susceptible categories. The minimum numbers of genotype (1) was included in the cluster V, made up of moderately susceptible reactions. The mean value of the genotype in cluster V was the highest for the traits BLT (5.16) and % DLA (21.38), was in moderately susceptible class (Table 4) . Compared with others, on average, the genotypes in cluster IV had the lowest BLT (3.5) and % DLA (10.66) indicated moderately resistant and moderately susceptible reactions.
Estimation of genetic distance
The genetic differentiation among the five major groups was presented in Table 5 . The distance coefficients ranging from 2.97 (cluster III vs. IV) to 12.84 (cluster I vs. II). The next higher pairwise Euclidean distance were that of cluster I with IV (9.71) and cluster II with V (9.15). Similarly, cluster III -V (3.03) and cluster II -IV (3.18) were the next smaller pairwise distance coefficients values.
Discussion
The inoculation of M. grisea using spore suspension caused 100 % disease incidence among 50 upland rice genotypes. In our observation, notable differences were found for disease severity in terms of BLT and % DLA for all genotypes. The experimental repeats had no effect on BLT and % DLA among all genotypes. However, genotypes × trials showed significant interactions, suggesting that the same genotype performed differently in experimental repeats. Since the experiments were conducted in net house conditions and the prevailing environments (temperature and humidity) were not controlled, the environments may have affected the genotypes. In our study, among 50 genotypes, 11 genotypes were identified as resistant based on BLT compared to resistant check Pongsu Seribu-1. Some of the genotypes did not demonstrate the same reactions on both disease scales (BLT and % DLA). However, most of the genotypes exhibited similar disease patterns on both disease scales. The previous study conducted by Idowu et al. (2013) found that varietal resistance of rice from 34 varieties to the blast fungus and one susceptible check in Southwestern Nigeria at two sites revealed that the same varieties did not demonstrate the same reactions at both sites. Only eight varieties showed resistance at both sites, while the others performed differently. These results were almost identical to our findings. There were no immune or highly resistant genotypes in our investigation. In a massive screening using 113 rice germplasms consisting of coarse and fine varieties, Ghazanfar et al. (2009) revealed that none of the variety was immune and only one variety, IR70181-1-1, was found to be resistant against blast. The mean % DLA was recorded as 13.61 % in the present investigation, indicating moderately susceptible reactions. Therefore, most of the genotypes demonstrated moderately susceptible reactions among all tested genotypes based on % DLA. A field evaluation of resistance against M. grisea with eight varieties recorded % DLA with panicle blast ranged from 7.67 to 28.44 % (Pasha et al. 2013) . However, higher % DLA was observed in a study conducted by Cluster I G1, G5  2   Cluster II G3, G15, G43, G13, G45, G25, G41, G47  8   Cluster III G2, G18, G6, G4, G46, G21, G27, G16, G8,  G38, G12, G14, G20, G24, G32, G34, G50,  G10, G30, G26, G36, G40, G42, G48, G44,  G22, G28, G7, G37, G11, G35, G9, G39, G49   34 Cluster IV G17, G19, G29, G31, G33 5
Cluster V G23 1 Ashkani (2011) with the same race, P7.2, for the evaluation of 296 F 3 families. He recorded mean % DLA at 34.70 %. Diversity exploration of blast inoculated rice germplasms is essential to ensure its effective and efficient use for hybridisation programme. Cluster analysis based on the two traits (BLT and % DLA) grouped the 50 genotypes into five clusters. Despite the fact that the cluster analysis grouped the genotypes with greater similarity of their reactions, but it did not seem necessarily that all the clusters were formed according to the same reactions or origin. Park (1993) mentioned in his screening trial, that the tested genotypes were grouped into five clusters according to their test locations, not on the basis of their reactions to the blast disease. However, Pasha et al. (2013) observed that by grouping rice genotypes based on field traits (infection type, panicle blast severity, panicle and leaf blast disease progress) using cluster analysis with Ward's method and Euclidean distance criteria, the genotypes were classified into three groups, with all resistant varieties included in the first group. In the present case, the higher range of inter-cluster distances from 2.97 to 12.84 indicates wider diversity among the populations. Divergence values are useful for the identification of cluster type for the purpose of further selection and the choice of parents for hybridisation or breeding programmes (Jagadeb and Samal 1991) . The higher the intra-and inter-cluster distances, the higher the genetic variability among the genotypes between and within the clusters. Therefore, selection of parents belonging to distant groups was anticipated due to execute maximum heterosis in hybridisation and to be used in crossing programme for obtaining a broad spectrum of variation among the segregation generation. Hence, the choosing of parents in between clusters I and II would be effective for developing durable blast-resistant varieties. In contrast, the inter-cluster distance was minimum in between clusters III and IV, indicating the genotypes of these groups are very close to each other. Therefore, selection will not be effective as their genetic distance was approximated.
Varietals resistance is usually tested at the seedling stage and when varieties are thoroughly tested for resistance at the leaf stage, further testing at the flowering stage does not seem necessary (Ou 1985) . The findings of our study, particularly the resistant genotypes, such as Biaw Bood Pae, Blau Noc, Chirikata 2, IPPA, IR 5533-50-1-10, IR 5533-55-1-11, Ja Hau, Ja No Naq, BR26, BRRI Dhan42, and BRRI Dhan43, could be used as a valuable resource for developing durable blast-resistant upland rice varieties in rice breeding programmes in situations of water scarcity under challenging environments in the near future. The findings of diversity analysis would be helpful to the breeder to select the parents for developing broad spectrum resistance against blast fungus. To our knowledge, this is the first report in Malaysia to screen significant numbers of upland rice genotypes against blast fungus.
